Research on emotions suggests that auction outcomes may elicit an aversive "frustration of losing" as well as a rewarding "joy of winning" response. However, little is known about the intensity of these emotional reactions and how they relate to other factors in the auction process. In this article, we present an experiment in which subjects participated in a sequence of first-price sealed-bid auctions. The psychophysiological measures skin conductance response (SCR) and heart rate (HR) were recorded as proxies for both the intensity and the valence of emotions. Our results show that the deceleratory responses in HR when losing an auction are stronger than when winning an auction. The drop in HR itself can be interpreted as a reaction to stimuli with negative emotional valence. Moreover, we found that winning an auction induces a stronger SCR compared with losing an auction. Interestingly, this effect even holds for different value classes and different amounts of payoffs. Moreover, we show that bidders' SCR amplitude increases in the relation to the amount of money at stake. However, we cannot make a definite determination as to whether the valuation or the potential nominal payoff triggers this effect. We conclude that psychophysiological methodologies are appropriate for the measurement of rewarding, as well as immediate aversive emotions in market decision making, and even allow identifying fined-grained emotional characteristics.
? According to Bapna, Goes, and Gupta (2001) , the purchase decision of consumers is based on whether they want to buy something at an unexciting fixed price (e.g., amazon.com or staples.com) or experience the "bazaar-like competitive atmosphere" of an online auction (p. 44). Stafford and Stern (2002) argued that the emotions bidders experience in online auctions are a source of hedonic shopping value, and thus a distinctive feature of online auctions in comparison to fixed-price retail sites. Lee, Kim, and Fairhurst (2009, p. 93) claimed that the "thrill of bidding, excitement of winning, [and the] stimulation of beating competitors" play an important role in why consumers choose to participate in online auctions. In this regard, they supported Herschlag and Zwick's (2000) conjecture that "winning is the aphrodisiac that gets the shopping juices flowing" and that the joy of winning is the main driver of the special shopping experience of online auctions (p. 170) .
In this article, we analyze the emotions or, more concisely, the immediate emotions that bidders experience when winning or losing an auction. In the literature, these emotions are commonly referred to as the joy of winning (Andreoni, Che, & Kim, 2007) and the frustration of losing (Ding, Eliashberg, Huber, & Saini, 2005) . However, only little is known about how bidders actually experience these emotions and what their determinants are. Therefore, we argue that a deeper understanding of bidders' emotions may facilitate building more sophisticated economic models that include the valence and intensity of emotions in bidders' utility functions. In particular, this study looked at whether winning or losing an auction has a greater impact on bidders in terms of emotional intensity and how the different emotional values of winning and losing are reflected in the distinct patterns of heart rate (HR) changes. To do this, we conducted a laboratory experiment in which subjects participated in a series of first-price sealed-bid (FPSB) auctions. Some prominent examples of FPSB auctions include auctions of U.S. treasury bills, Japanese fish markets, or closed bids for real estate in the private sector.
In an FPSB auction, each bidder submits a single sealed bid. The bidder who places the highest bid obtains the item and has to pay the amount of his or her bid (Vickrey, 1961) . To monitor the emotional reactions that accompany the bidding process, we actually measured the galvanic skin conductance response (SCR) of the subjects, and an electrocardiogram was used to record their response to the auction outcome. These physiological parameters are wellestablished proxies for emotional processing in psychophysiology (Berntson, Quigley, & Lozano, 2007; Boucsein, 1992) .
The results of our study allow us to draw conclusions about how people experience auctions. Because emotions may significantly impact the behavior of individuals (Zeelenberg, 1999) , analyzing emotional reactions in auctions will increase understanding about consumer behavior in auctions. The applied methodology in terms of galvanic SCR resulted in physiological data that showed a stronger response to winning an FPSB auction than to losing an auction. This indicates that winning an auction is processed more intensely than losing an auction. Moreover, participants experience winning and losing more intensely when the valuation for the good being auctioned is higher. The physiological data also give some indication regarding the valence of the respective emotions. In fact, losing an auction causes a significant drop in HR. This response is similar to the phasic changes in HR that were observed in previous studies. For instance, Bradley, Miccoli, Escrig, and Lang (2008) reported deceleratory responses when participants were shown pleasant and unpleasant pictures. These deceleratory responses were stronger for unpleasant pictures compared with pleasant pictures. Thus, we suspected that the observed drop in HR in response to losing a FPSB auction would also be a reflection of an unpleasant emotion, which we interpreted as a sign of frustration.
The experiment described in this article was initially designed to analyze the impact of different informational feedback mechanisms with regard to the bidding behavior of participants in FPSB auctions. The results regarding the different feedback have been reported by Astor, Adam, Jähnig, and Seifert (2011) . This article presents the physiological responses to the events of winning and losing that were recorded in the same experiment but have not been published before.
The remainder of this article is structured as follows: We first provide an overview of the emotions that bidders may experience when winning or losing an auction. Based on this theoretical background, we outline the experimental design of our study. Then, we present and discuss the results of the experiment and the outlook for future research.
The Joy of Winning and the Frustration of Losing
Emotions play an important role in human decision making (Elster, 1998; Rick & Loewenstein, 2008; Steffen, Rockstroh, & Jansma, 2009) . In this article, we define emotion according to Myers (2004, p . 500) as a subjectively experienced state that is characterized by conscious experience, which is generally accompanied by expressive behavior and physiological arousal. Emotionally arousing stimuli usually elicit physiological responses (Bechara & Damasio, 2005; Boucsein, 1992) . This means that the subjectively experienced emotion is related to objectively observable physiological parameters that can be interpreted as proxies of the actual emotion. Emotional stimuli are often characterized in the two dimensions of valence and arousal (Gläscher & Adolphs, 2003) . These two dimensions are reflected in different physiological indices (HR and SCR) and serve to index emotional processing (Lang, Greenwald, Bradley, & Hamm, 1993) . We measured these physiological reactions of human bidders while they were participating in a series of FPSB auctions.
In particular, we focused on the physiological reactions exhibited when the auction outcome is revealed (Adam, Krämer, Jähnig, Seifert, & Weinhardt, 2011) . In single-unit auctions, the auction outcome determines which bidder obtains the commodity for sale and how much he or she has to pay for it. Traditional auction theory, which is based on game theory and mathematical models, considers only the monetary utility associated with this auction outcome (McAfee & McMillan, 1987; Vickrey, 1961) . However, bidders may also derive (nonmonetary) utility from winning the inherent competition of an auction that is "over and beyond any monetary payoffs" (Cooper & Fang, 2008 , p. 1480 Roider & Schmitz, 2012) . In our experiment, we emphasized the competitiveness of auctions by referring to the bidder who obtains the item as the "winner" and all other bidders as the "losers" of an auction. This terminology is based on the perceptions of bidders as reported by Ariely and Simonson (2003) , who found in an Internet survey that 76.8% of the respondents considered other bidders as "competitors" and referred to auction outcomes as "winning" or "losing."
In the literature, the emotion triggered by the event of winning an auction and receiving a positive monetary payoff has been referred to as the "joy of winning" (Andreoni et al., 2007; Goeree & Offerman, 2003) . According to Ockenfels, Reiley, and Sadrieh (2006) , this utility stems from the thrill of competing against other bidders. Similarly, Fliessbach et al. (2007) argued that in addition to a monetary reward, outperforming someone else can also induce the joy of winning. Ertaç, Hortacsu, and Roberts (2011) suggested that the joy of winning explains the willingness to pay to enter an auction of male bidders to a greater extent than it explains the willingness to pay of female bidders. Other authors also refer to this nonmonetary incentive component as a "love of winning" (Kogan & Morgan, 2009; Morgan, Steiglitz, & Reis, 2003) . In contrast, if a bidder loses an auction, he or she may experience the "frustration of losing" (Ding et al., 2005) . Adam, Krämer, and Weinhardt (Winter 2012-13) found that due to the "click-to-win" characteristic of Dutch auctions, the frustration of losing a Dutch auction is experienced more strongly than the joy of winning a Dutch auction. According to Cramton, Filiz-Ozbay, Ozbay, and Sujarittanonta (2012) , internalized fear of losing can lead to higher bids in clock auctions. Following the reasoning of Delgado, Schotter, Ozbay, and Phelphs (2008) , this frustration stems from losing the social competition. Therefore, it is an inherent characteristic of auctions that the shopping experience results in either a rewarding or an aversive emotion (Frijda, 1986) at the end of the auction. Table 1 provides an overview of selected literature on the joy of winning and the frustration of losing.
Although the joy of winning and the frustration of losing are rather intuitive concepts, there is a debate in the literature as to which of these two emotions has a greater impact on bidders and how these emotions influence future bidding behavior (Delgado et al., 2008; Ku, Malhotra, & Murnighan, 2005) . In this regard, one should keep in mind that the joy of winning and the frustration of losing have only an indirect influence on bidding behavior. The two emotions are triggered in response to an auction outcome; therefore, they occur only after bidders have placed their bids. At the moment of placing a bid, the joy of winning or the frustration of losing can only be anticipated or expected based on the individual's previous experience of auction outcomes. In psychological terms, the joy of winning is an immediate emotion, whereas the expected joy of winning is an expected emotion Rick & Loewenstein, 2008) .
Understanding these kinds of emotions and their role in auctions can help decipher behavioral patterns that cannot be explained by rational theory, for example, the phenomenon of overbidding.
Although the research on auctions has started to consider emotions as possible determinants of the behaviors exhibited in auctions, the mechanisms through which emotions influence the bidding process remain rather unclear. For example, Cooper and Fang (2008) reported that the expected joy of winning and spitefulness can explain the phenomenon of overbidding to some extent. In contrast, Andreoni et al. (2007) found that, at most, the expected joy of winning is the source of the overbidding observed in only 10% of the cases. Goeree and Offerman (2003) did not find support for the theory of the expected joy of winning; they attribute their results to loss aversion. Delgado et al. (2008) argued that the anticipation of the unpleasant state associated with loss and the ex- (2003) Online auctions X X X Goeree & Offerman (2003) SPSB auctions X X X Morgan et al. (2003) Single - Note. FPSB ϭ first-price sealed-bid; SPSB ϭ second-price sealed-bid. Selected literature on emotions in response to winning and losing an auction (JoW ϭ joy of winning; FoL ϭ frustration of losing) with a categorization for different methods (TM ϭ theoretical model; LE ϭ lab experiment; NM ϭ neuroscience methods; FS ϭ field study; SV ϭ survey; LR ϭ literature review).
pected frustration of losing cause participants to increase their bids. It is important to note, however, that there are also explanations for overbidding in the literature that are not directly related to emotions. Cox, Smith, and Walker (1988) introduced a model of constant relative risk aversion (CRRA) that provides a partial explanation of why bidders place bids above the risk-neutral Nash equilibrium (RNNE) bidding strategy derived by Vickrey (1961) . However, Kagel (1995) argued that "risk aversion is one element, but far from the only element, generating bidding above the RNNE" (p. 525). Engelbrecht-Wiggans and Katok (2009, p. 82) explicitly tested the CRRA model against an emotionbased regret model in a laboratory experiment and found "virtually no support for CRRA," but strong support for their regret model. An alternative explanation for overbidding in auctions is that bidders "might feel a bit like already owning the item" and therefore are willing to place higher bids (Ehrhart, Ott, & Abele, 2008, p. 3) .
By recording physiological measures during FPSB auctions, we applied psychophysiological methods to the field of auction research to develop a better understanding of how bidders actually experience the outcome of an auction. This can contribute to more sophisticated economic models that incorporate the emotions of bidders in their utility functions.
Method
We employed Smith's (1976) induced value theory in our study and real monetary payoffs for all the bids placed. Subjects were initially endowed with 100 monetary units (MUs). Throughout the experiment, they accumulated profits (and potential losses) from bidding in the auctions. After the end of a session, the final balance of the experimental accounts was converted into euros at an exchange rate of €0. 03/MU and paid out in cash to the participants.
Core elements of the study design were inspired by an experiment carried out by Engelbrecht-Wiggans and Katok (2008) . However, some changes to their original setup were made to facilitate the analysis of the physiological parameters. The main difference was that in the experiment conducted by Engelbrecht-Wiggans and Katok, a subject's bid was automatically submitted in 10 consecutive auctions with independent valuations and bids of the competing computerized bidders. That design is supposed to speed up learning "by experiencing a large number of auctions" (p. 812), but we were interested in the immediate emotional response to an individual auction result rather than a reaction to an average of several past outcomes. Thus, in our experiment, the subjects submitted individual bids in each auction. Moreover, in the physiological measurements, we sought to reduce the noise caused by the body movements of the participants in handling the keyboard and mouse as they entered bids. Therefore, we restricted the bids (of both humans and computers) to integers and our participants had only a mouse but no keyboard to operate the software. Bids were submitted by clicking on the button that represented the respective integer amount.
In detail, each subject took part in a series of 50 FPSB auctions with two computerized competitors. In every auction, the human bidder and the two computerized bidders each received an individual valuation v i for the item being sold in the auction. Each bidder i then submitted a bid b i . The bidder who submitted the highest bid made a profit ⌸ i ϭ v i -b i .
1 A losing bidder made a profit of zero. In each auction, the computerized agents were assigned independently drawn valuations from a uniform distribution with support on the integer set {0 MU, 1 MU, 2 MUs, . . ., 100 MUs}. Like in the experiment carried out by Engelbrecht-Wiggans and Katok (2008) , the human bidders received one of only five distinct valuations from the set {50 MUs, 60 MUs, 70 MUs, 80 MUs, and 90 MUs} in each auction. Moreover, each human bidder was assigned each of these valuations exactly 10 times in consecutive auctions, that is, a human bidder had the same valuation in Auctions 1 to 10, in Auctions 11 to 20, and so on. Only the 1 If the human participant's bid came to a tie with the high computer bid, the human bidder won the auction (see Neugebauer & Selten, 2006 , for a similar procedure). The advantage of this approach compared with breaking ties at random is that the outcome of any auction can be clearly classified in terms of the regret of the human bidder: If the human loses the auction, he or she will usually experience loser regret (no regret if the computer's bid equals the human bidder's valuation), no regret in the case of a tie, and winner regret if the human bidder's bid is strictly larger than the opponents' bids. This is less clear with a random tiebreaking rule.
order of the five valuation levels was randomly permutated from bidder to bidder.
2 This auction mechanism was explained to the participants in a previous instruction. The participants knew that they bid against computerized agents and were told that the computerized agents were programmed in a way that would maximize their expected earnings if they bid in an auction with two other identically programmed computers. A bidding function was implemented, in which the computers bid 2/3 v i , rounded to the nearest integer.
3 Given the asymmetry of the valuations, if a human bidder were to maximize his or her expected payoff, then he or she would win about half (51%) of the auctions. 
Physiological Measurements
To investigate the participants' emotional activation, the mobile Body & Mind Monitoring System was used (Gharbi et al., 2008) . Over the course of the experiment, the participants' SCR was recorded with a constant current amplifier measurement system and silver/silver chloride (Ag/AgCl) electrodes. The electrodes were attached on the thenar and hypothenar eminences of the palm of the nondominant hand with standard electrodermal activity electrode paste (Boucsein, 1992) . Following the recommendations of Schmidt and Walach (2000) , each session started with an initial 5-min rest period for calibration. All of the sessions were conducted in Spring 2010 with an average room temperature of 25°C (77°F). These values are within the methodological recommendations of the Society for Psychophysiological Research (Fowles et al., 1981) . HR was derived from an electrocardiogram recording device using a Lead I method with single-use electrodes placed on the left and right wrist (Berntson et al., 2007) .
After every auction, a prompt on the computer screen informed the bidder of whether or not he or she had won the auction. To allow for analyzing the physiological responses and distinguishing the physiological effects of bidding and being informed of the result, we revealed the auction outcome only 6 s after the bidder had placed his or her bid. As mentioned before, the participants' interactions with the experimental system were limited to mouse inputs (Adam, Gamer, Krämer, & Weinhardt, 2011) . To avoid measurement artifacts due to background noise, all the participants were equipped with earmuffs.
Implementation and Procedure
The experiment was conducted at Karlsruhe Institute of Technology, Karlsruhe, Germany. The software interface was implemented using z-Tree (Fischbacher, 2007) and the information regarding the point in time (in milliseconds) that the auction outcome was revealed to a bidder was written into a separate log file by the experimental system so that the behavioral data could be linked to the physiological measurements. The ORSEE software environment was used to recruit participants from a pool of university students (Greiner, 2004) . A total of 78 (19 female and 59 male) subjects participated in 13 sessions with six subjects each. Each session lasted approximately 1.5 hr. The average payment was €19.82, with the minimum and maximum payment in the amount of €12.30 and €23.01, respectively. After the instructions were read to the participants, they had to complete a quiz of four to five questions regarding the auction mechanism before they were allowed to start with three practice auctions, which were then followed by the actual series of 50 auctions.
Due to a failure in comprehension, one subject had to be removed from the data set. In one session, the physiological measurements failed to operate; therefore, six participants had to be excluded from the physiological analyses. Moreover, 12 additional participants had to be removed from the SCR data set because their values were either outside the range of the measurement system or because they did not show any physiological response (nonresponders).
2 Note that this is slightly different from the design of Engelbrecht-Wiggans and Katok (2008) .
3 Strictly speaking, the symmetric risk-neutral equilibrium with the given discrete valuations and integer bids would have been [2/3 v i ], where [x] denotes the largest integer not exceeding x. To our knowledge, there is neither a general formula for bidding equilibria in discrete FPSB auctions nor a compact analytical proof for our case. We verified the equilibrium conditions on a complete numerical evaluation. 4 Given the implemented strategy of the computerized opponents and the tie-breaking rule that favored the human bidder, the best (risk-neutral) response by the human bid This is a common problem when measuring SCR (Boucsein, 1992; Dawson, Schell, & Filion, 2007) . With respect to HR, the measurement results of five subjects had to be removed from the data sample because of too much noise on the signal. Consequently, the data set contains 59 measurements for SCR and 66 for HR.
Results
Our analysis focuses on the bidders' physiological reactions to different auction outcomes. In particular, we investigated whether winning or losing an auction is more strongly reflected in the physiological data. Before looking at the physiological data, we present results for bidding behavior.
Bidding Behavior
Each subject participated in a series of 50 auctions with two computerized opponents. A total of 82.6% of the auction outcomes were efficient, that is, won by the bidder (human or computerized) with the highest valuation; inefficient outcomes of 17.4% were due to overly defensive (3.2%) and overly aggressive (14.2%) bids placed by the human participants. Figure 1 depicts all of the bids placed by the 77 participants.
Most of the bids (3,020 of 3,850 bids, or 78.4%) were placed within the (risk averse) range of two thirds of the bidder's valuation and his or her actual valuation. Hence, the participants bid somewhat more aggressively than the theoretical RNNE of a standard FPSB auction. This is also reflected in the fact that 2,298 (59.7%) of the 3,850 bids, that is, slightly more than the risk-neutral best-response benchmark (51%; see Method section), were won by humans. A balanced ratio of the two possible auction outcomes is necessary for a valid physiological examination because the bidder may expect both outcomes equally. On average, human participants bid 50.90 MUs, which corresponds to an average bid/value ratio of 72.7%. This is consistent with the ratio observed by Engelbrecht-Wiggans and Katok (2008) .
Emotional Intensity of Winning and Losing
The intensity of the emotional response was assessed by analyzing the SCR data. The SCR amplitude (SCR.amp) is a proxy for the intensity of immediate emotions induced by a dis- crete stimulus. Because this response usually occurs 1 to 3 s after the event (Boucsein, 1992; Schmidt & Walach, 2000) , only those amplitudes that were observed within that timeframe were taken into account. Furthermore and in line with Fowles et al. (1981) , only amplitudes greater or equal to 0.01 S were considered. The SCR amplitudes were obtained by decomposing skin conductivity into its tonic and phasic components using Ledalab analysis software (Benedek & Kaernbach, 2010) . Following the recommendation of Venables and Christie (1980) , all SCR.amp values x were then transformed according to log(x ϩ 1) to reduce the inherent left skewness of the SCR.amp.
In the analysis, we investigated the impact of different auction outcomes on the intensity of the physiological response. SCR.amp was calculated for every bidder subsequent to each of the 50 auction outcomes. For normalization, each of the measured values was divided by the subject's individual average SCR.amp in response to the event of being informed of their valuation. Because the measured values varied greatly between individuals, the normalization facilitated an interpersonal analysis of the data. To some extent, considering only the relative change of the SCR.amp also allowed for differences in individual sympathetic activity with respect to the response to new information on the computer screen. 5 We then computed the average SCR.amp value for each bidder for the event of winning and losing an auction.
The normalized, average SCR.amps are depicted in the left bar chart in Figure 2 . The bar chart indicates that the physiological response to winning an auction was stronger than the respective response to losing an auction. A paired sample two-sided t test shows that the difference in SCR.amp for different auction outcomes was significant (1.744 vs. 2.206), n ϭ 59, t(58) ϭ Ϫ3.543, p Ͻ .001. At first glance, this is a somewhat surprising result because rewarding and aversive stimuli are usually reflected in the SCR.amp in a similar way (Lang et al., 1993) . We return to this result in the Discussion section.
To gain a more fine-grained insight into the physiological data, we took into account the assumption that the emotional intensities experienced may also be subject to the valuation of a bidder or his or her respective nominal payoff. For the five possible valuations, it was easily controlled for because they were induced by the experimental design. We took the normalized data for each bidder once again and computed an average SCR.amp for whether the auction was won or lost. However, this time we calculated the average SCR.amp for each subject and each valuation for both the auctions won and lost. This resulted in 10 average SCR.amp values for each bidder. 6 The right bar chart in Figure 2 depicts the normalized average SCR.amp in response to winning and losing an auction for the five different valuations. The figure shows that the measured SCR.amp was stronger if an auction was won compared with when an auction was lost, and that this result held for each individual valuation. Remarkably, the emotional intensities seemed to become stronger as the valuations increased. To test the statistical significance of this result, we used ordinary least square regression. The results of the regression are summarized under the first average SCR. amp section in Table 2 .
A regression analysis was done for each bidder's normalized average SCR.amp on the auction outcome (dummy_winner) and the value class (value_class). Moreover, we checked for mitigation effects of SCR.amp over time by taking into account the sequence in which a bidder was endowed with the different valuations (auction_sequence). 7 The results of the regression revealed that both the auction outcome (winner or loser), as well as the different valuations (50, 60, 70, 80, 90) , had a significant influence on the SCR.amp. Although this result may lead to the conclusion that higher valuations per se result in increased physiological responses, this effect could actually also be triggered by the nominal payoff, which was also 5 We thank an anonymous reviewer for pointing this out. 6 Some of the bidders did not win (or lose) an auction for a specific valuation; in these cases, it was not possible to compute 10 average SCR.amp values for the bidders. Therefore, those specific cases were omitted in the subsequent analysis. 7 In the regression, the five different valuations are encoded as value classes 0 (the valuation is 50), 1 (60), . . . 4 (90). Analogously, the auction sequence number is encoded by the values 0 to 4, i.e., for the first valuation that a bidder has in the experiment, the variable auction_sequence is set to 0, for the second valuation it is set to 1, and so forth.
higher for higher valuations. 8 In this article, we define the nominal payoff p i as the amount of money bidder i would get if his or her bid b i was successful, that is, p i ϭ v i -b i . Thus, in contrast to the profit ⌸ i , the nominal payoff p i is independent of whether the auction was actually won or lost. The second average SCR.amp section in Table 2 shows a respective analysis that substitutes the variable avg_nominal_payoff for value_class. This variable indicates the average nominal payoff a subject could have realized for the distinct valuations with the respective bids that she or he placed. The analysis shows thatsimilar to the variable value_class-the variable avg_nominal_payoff also influenced the subjects' physiological reactions significantly; consequently, higher nominal payoffs resulted in stronger responses, whereas the rest of the results remain unchanged. We come back to this result in the Discussion section.
Valence of Winning and Losing
Even though we identified the differences in SCR.amp on winning and losing an auction, the valence of an emotion, that is, whether an emotion is positively or negatively perceived by the subject, is typically more clearly reflected in the phasic changes in HR (Lang et al., 1993) . Skin conductivity is directly innervated by the sympathetic branch of the autonomous nervous system (Wallin, 1981) , which provides important insight into the intensity of immediate emotions. However, it does not provide any information regarding the valence of the emotion, that is, whether the subject regards the emotion as positive or negative. In contrast, the heart is also innervated by the parasympathetic branch of the autonomous nervous system (Berntson et al., 2007) . The parasympathetic activation subsequent to sensory intake is usually reflected in an initial deceleration in HR, in which negative stimuli typically elicit the strongest deceleratory responses (Bradley et al., 2008) . Analyzing phasic changes in HR allows an evaluation of the perceived valence of external stimuli. Thus, the aversive event of losing an auction should result in a more pronounced drop in HR than winning an auction.
We followed the recommendations of the Society of Psychophysiological Research (Jennings et al., 1981) for assessing HR by measuring the time between the successive R-waves (i.e., the interbeat intervals) in the electrocardiogram. This approach provides an accurate measure of HR, which is indispens-8 Note that avg_nominal_payoff and value_class are highly correlated at Pearson's r ϭ .799, p ϭ .001. Apparently, by the experimental design, higher valuations usually result in higher realized payoffs. Due to the high correlation, the two values cannot be analyzed simultaneously in the regression. able in analyzing the phasic changes in the signal. The HR for each bidder and every auction was referenced to the HR at the moment that the auction outcome was revealed. Subsequently, an average value was computed for each bidder for the event of winning and losing. Similar to the normalization for SCR.amp values, we referenced each of the 50 HR signals to the individual baseline of the average HR response to the valuation information. More specifically, when analyzing the response to seeing the auction outcome, we first referenced the HR signal to the moment that the auction outcome was revealed, and then divided the result by the absolute value of the drop in the subject's average HR on receiving the valuation information. Figure 3 depicts the change in the average normalized HR in response to the auction outcome. The left graph shows the time period of up to 6 s after the auction outcome. The light gray line depicts the change in average normalized HR after losing an auction. At its peak, the drop in HR is more than 5 times stronger than the drop in HR subsequent to receiving the valuation information. This provides evidence that the auction outcome does, in fact, lead to a strong physiological reaction. The bars in the graph on the right of Figure 3 represent the 1.0, 1.5, and 2.0 s subsequent to when the auction outcome was revealed. This indicates that the deceleratory response in HR was stronger for losing than for winning. Moreover, one can observe that the subsequent acceleratory response, which is a proxy for the activity of the sympathetic nervous system, was stronger for winning. Thus, although both shapes of the heart waves have a triphasic pattern (deceleratory, acceleratory, deceleratory), they are clearly distinguishable. Table 3 depicts a set of paired sample t test results (n ϭ 66) for the mean difference in phasic changes in HR in response to the auction outcome. We tested whether the event of losing induced a stronger deceleratory response than the event of winning for different time periods after the auction outcome. The analysis revealed that HR was significantly lower in response to losing an auction compared with winning an auction just 1.2 s after the auction outcome was revealed. This result is similar to the responses documented in the psychological literature regarding the phasic changes in HR when viewing unpleasant pictures (Bradley et al., 2008) . It is important to note that external events with both a negative and a positive valence generally induce a deceleratory response. However, the initial deceleratory response is usually stronger for events with a negative valence (Bradley et al., 2008) .
The stronger deceleratory HR response after an auction has been lost may indicate that losing an auction is processed similarly to other negative events. For example, Osumi and Ohira (2009) found a similar drop in HR as an immediate reaction to receiving subjectively unfair offers in an ultimatum game. Adam and Kroll (2012) reported a stronger drop in HR as a reaction to losing a highstakes lottery compared with winning a highstakes lottery. Ravaja, Saari, Salminen, Laarni, and Kallinen (2006) found an initial drop in HR as a reaction to negative events in video games, and Hubert and de Jong-Meyer (1990) reported similar HR patterns as a reaction to watching movies with negative content (see also Palomba, Sarlob, Angrillia, Minia, & Stegagnoa, 2000 , for similar results). In summary, our interpretation of the HR pattern observed in our study is that losing an FPSB auction induces a negative emotion, which we refer to as the frustration of losing.
Discussion
When classifying our results into the previously presented auction literature, we have to state that concepts such as joy of winning or frustration of losing are typically modeled for utility functions that aim at explaining subjects' bidding behavior and their decision processes in anticipation of the submitted bid. Therefore, it is important to note that our experimental setup was only capable of assessing subjects' responses after the result revelation, which we call an experienced emotion. Hence, although we found strong evidence for such an emotion in response to the auction outcome, we can neither conclude that this reaction was or was not already anticipated before submitting a bid, nor that it was already reflected in a subject's bidding process.
We must also acknowledge that our FPSB auction design differed from the experiment of Engelbrecht-Wiggans and Katok (2008) given our objective to assess physiological parameters. In particular, we restricted human-computer interaction to mouse inputs; the subjects had to submit individual bids in each auction; and we introduced constant time lags between the revelation of successive information on the valuation, the bidding pro- cess, and the auction outcome. 9 Therefore, our economic results are consistent but not perfectly comparable with those of Engelbrecht-Wiggans and Katok.
As outlined in the Results section, examining subjects' sympathetic activation showed that winning an auction elicits significantly stronger physiological responses than losing an auction. This is remarkable because both pleasant and unpleasant stimuli are usually reflected in similar SCR.amps. Bradley et al. (2008) , for example, did not observe statistically significant differences in average SCR.amp of subjects in response to negative (e.g., hospitals, tombstones in a cemetery) and positive (e.g., pictures of families or flowers) stimuli. Dawson, Schell, and Courtney (2011) concluded that SCRs occur in the anticipation of particularly aversive significant outcomes that are related to decision making. In this light, the stronger physiological response to a positive auction outcome compared with a negative auction outcome is even more surprising. But also from an economic perspective, one would expect more intense physiological reactions to negative economic events. For example, it is well known that subjects reveal loss aversion decision patterns in many circumstances. Goeree and Offerman (2003) found support for loss aversion, which explains their auction data. This leads to the conclusion that subjects are more sensitive to negative feedback information and therefore exhibit higher emotional arousal when losing an auction. However, our results do not support this notion. To the contrary, our data suggest that the physiological reactions generated by the joyous event of winning an auction are more dominant than when losing an auction.
A first simple explanation for why losing an auction is not as arousing as winning could be that in our setting a bidder never actually lost money when he or she lost an FPSB auction. Rather, he or she only lost the opportunity to make a profit. 10 Therefore, it is possible that the forgone gain does not affect subjects as intensely as a real loss of money. Still, the drop in HR indicates that participants were not emotionally indifferent to losing an FPSB auction. A second explanation might be that subjects were well aware of being one of three participants in the auction. Potentially, they falsely expected to be the winner in only one third of the auctions, which was not the case because they had higher valuations than the computerized bidders. Being exposed as the "winner" was therefore more unexpected and more arousing because of this. Even though the electrodermal response to losing was weaker compared with winning an auction, the response was still remarkable, and the decelerated HR is an indicator of the negative emotional valance that is associated with losing an auction. A third explanation could be that subjects attempted to regulate their negative emotions in our experimental context, and therefore did not express or reappraise them. The Emotion Regulation Questionnaire (Gross & John, 2003) and measuring subjects ' HR variability (cf. Fenton-O'Creevy et al., 2012) serve as measures for conscious and subconscious emotion regulation. These measures could be used in future research to investigate the moderating role of emotion regulation on subjects' physiological responses to winning and losing. Emotion regulation, however, is beyond the scope of this article.
Even though we have evidence that the experience of winning an auction results in a significant physiological response, one cannot completely rule out the alternative explanation that subjects primarily react to the amount of money won instead of experiencing a joy of winning as an emotion completely independent of the monetary payoff. Below, we propose an experimental design that is suitable to systematically investigate this particular question.
Bidders' increasing physiological reaction to higher valuations and higher nominal payoffs is another interesting result. We observed that higher induced valuations go along with stronger emotional responses, regardless of whether the subject won or lost the auction. However, we also observed that higher nominal payoffs resulted in increased physiological reactions. The outcome of an auction induces higher emotional arousal when valuations or the nominal payoffs are higher. This pattern may have two explanations: First, bidders may be more aroused when the probability of winning and the expected payoff are higher; second, bidders may be more aroused in response to realizing higher payoffs or higher forgone payoffs. Finally, a combination of both effects also seems plausible. In summary, with the current experimental design, it was not possible to distinguish whether the bidders' SCR.amps were higher for higher value classes (a) because the expected payoff was higher, or (b) because the nominal payoff was higher, or (c) both. In terms of future research, it may be interesting to clarify this effect further by systematically varying the amount of the nominal payoff and the probability of winning.
In any case, the results of our experiment show that higher payoffs-expected or realized-induce stronger intensities of joy when winning an auction. This result contradicts the theory that there is a joy in winning regardless of the monetary payoff (van den Bos et al., 2008) . In fact, higher nominal payoffs also induce stronger SCR.amps when a bidder loses an auction. This pattern could be explained by taking loser regret into account (EngelbrechtWiggans & Katok, 2008) . The SCR.amps are more likely to increase with the amount of the valuation even in the case of losing because the bidder feels that he or she has just lost the opportunity to receive a considerable payoff. Therefore, we contradict the notion that the emotion in response to winning or losing the auction is independent of the monetary consequences of an auction (van den Bos et al., 2008) . On the contrary, it seems that the size of the nominal payoff significantly influences the intensity of the emotional response.
This explanation corresponds with regret theory, which suggests that decision makers react emotionally to missed opportunities by comparing actual outcomes with other possible outcomes (Humphrey, 2004 ). An alternative explanation according to Delgado et al. (2008) assumes that the frustration of losing the social competition increases with the amount of the valuation. This explanation is in line with previous research that was done on competitive arousal and auction fever. For instance, Ku (2008) showed that bidding behavior in a dollar auction is more aggressive if the stakes are high. Even though the causes of the emotional reactions documented in this study have not been fully explained yet, we conclude that applying a psychophysiological methodology in the area of auction research provides a promising approach for deciphering emotions within the context of market decision making.
Conclusion and Future Research
The emotions related to winning and losing are what distinguish auctions from those of fixed-price offers on retail sites. According to Stafford and Stern (2002, p. 139) , these emotions provide the basis for the "game-like action and bidding frenzy characteristic" of auctions. To this extent, we presented an experiment that used physiological measures to directly assess correlates of the bidders' emotional processing in FPSB auctions. Our results show that bidders, in fact, have distinguishable physiological reactions in response to the auction outcome, namely that the event of winning an auction is processed much more intensely than the event of losing. Moreover, we provide physiological data that suggest that bidders indeed experience an aversive emotion in response to losing an auction. The event of losing an auction induces a deceleratory cardiovascular response, that is, a phasic decrease in HR. Whereas the deceleration is stronger for the event of losing an auction, the subsequent acceleration is stronger for the event of winning an auction. The frustration of losing the auction competition or experiences of regret are potential explanations for the aversive emotion triggered.
In summary, we conclude that auctions either convey an aversive (frustration of losing) or a rewarding (joy of winning) emotion. In this regard, our data show that the joy of winning in FPSB auctions results in stronger reactions than the frustration of losing. It is notable that this result was even robust for all five distinct value classes. This characteristic is presumably an important contributing factor in making online auctions "one of the greatest success stories of the Internet" (Ariely & Simonson, 2003, p. 113) . In an auction, a bidder can experience the "uniqueness of being first" (Ku et al., 2005, p. 92) . Pronouncing the joy of winning on auction platforms could be one way of generating an intense positive shopping experience, which could potentially lead to the temptation of trying to "win" another auction. Conversely, pronouncing the event of losing an auction on a platform may also increase the excitement of bidders. Our physiological data indicate that losing an auction is in fact associated with a negative valence of significant intensity. Therefore, the bidders will try to avoid this "aversive" emotion (Frijda, 1986) and might even place higher bids the next time they participate in an auction.
The findings of our experiment also result in a number of questions for further research. It is important to point out that in our experiment the human participants competed with computerized bidders. Thus, there was no interaction with other human subjects. However, Bosman and Riedl (2004, p. 3) argued that interacting with other human bidders can cause "emotional spillover effects between subjects," such as feelings of anger and envy. For instance, Bault, Coricelle, and Rustichini (2008) showed the subjects' physiological processing during lottery decisions is already affected by the mere presence of another human agent, even though there is no strategic interaction from a game theoretical perspective. With regard to feelings of joy and frustration in auctions, it would therefore be interesting to analyze the extent to which the intensities change when bidders face human competitors. For instance, it may well be that the frustration of losing is even stronger than the joy of winning when human competitors are involved. Another approach for investigating the boost of the frustration of losing would be to introduce bidding fees to the auction. With this approach, a real monetary loss occurs when the participant is not the highest bidder, which could lead to more intense physiological reactions when losing an auction.
Moreover, this experiment focused on FPSB auctions, that is, static auctions in which only a single bid can be submitted by each bidder. However, the phenomenon of auction fever, a prominent example of the impact that emotions can have on bidding behavior, has mainly been observed in dynamic auctions (Ockenfels et al., 2006) . With auction fever, the bidders' "adrenaline starts to rush, their emotions block their ability to think clearly, and they end up bidding much more than they ever envisioned" (Murnighan, 2002, p. 63) . According to Haruvy and Popkowski Leszczyc (2010) , this is "induced by the dynamic interaction among bidders in an ascending bid auction" (p. 100). Accordingly, future research in the field of auctions should also focus on how the joy of winning and the frustration of losing are experienced in dynamic auctions. This way, the physiological responses of bidders in static auctions can be directly compared with those in dynamic auctions.
We conclude that the measurement of physiological parameters such as SCR or HR provides an easily recordable and unobtrusive tool for deciphering the positive and negative emotions related to decision making in auctions. The advantages of this methodology are that it does not depend on the accuracy of subjects' self-assessment, and it can also be easily used for field studies. Therefore, it would be interesting to do future research on how physiological measures can be applied in other areas related to emotions and decision making in markets, such as on the trading floor of banks or at live auctions.
